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(5 7) Abstract 

PURPOSE: To grow the crystal of a group III-V semiconductor with 
excellent crystallinity by providing at least one crystalline layer which is 
grown while its crystal face is maintained on the stabilized surface of a 
group in element and has a thin thickness which falls within a specific 
range in a semiconductor thin film. 

CONSTITUTION: The thickness of a thin crystalline layer which is grown 
while its crystal face is maintained on the stabilized surface of a group m 
element is limited to >lmm so as to prevent the degree of flattening from 
becoming insufficient, because the degree becomes insufficient due to the 
migration of the group III element when the thickness is thin. In addition, 
the thickness of the crystal face growing layer of the group ni element is 
limited to ^200nm so as to prevent the dropping degree of surface 
morphology of crystal. Moreover, when one face growing layer of the group 
in element is introduced, the flatness and crystallinity of the 
semiconductor crystal layer which grows thereafter are improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated 



CLAIMS 



[Claim(s)] 

[Claim 1] The growth approach of the 3-5 group semi-conductor thin film characterized by preparing at least one layer of 
thin film crystal layers of 1-200nm of thickness which grew holding a crystal front face in this semi-conductor thin film in 
3 group stabilization side on a semi-conductor substrate in the growth approach of a semi-conductor thin film of 
performing crystal growth, holding the 3-5 group semiconducting crystal front face under growth to 5 group stabilization 
side. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of carrying out crystal growth of the 3-5 group semi- 
conductor thin film of high quality on a semi-conductor substrate. 
[O002] 

[Description of the Prior Art] As for the ingredient of the InGaAs/InAIAs system which carries out lattice matching to InP, 
band structure is suitable for the light receiving and emitting element for optical communication of 1.3-1.55-micrometer 
band. Moreover, since the electron mobility of InGaAs is about 2 times large as compared with GaAs, it is expected as a 
next-generation electron device ingredient For this reason, the approach of carrying out crystal growth of InGaAs/InAIAs 
which is excellent in surface smoothness and crystallinity on current and an InP substrate is studied briskly. 
[0003] general — MBE — law and MOCVD — if there is little amount of supply of 5 group element when carrying out 
crystal growth of the 3-5 group semi-conductor by law etc., 5 group element with high vapor pressure will break away out 
of a crystal, and surface morphology will fall. For this reason, the crystal growth of a 3-5 group semi-conductor supplies 5 
group element superfluously, and where the crystal front face under growth is maintained at 5 group stabilization side, it is 
performed. 

[0004] However, when carrying out crystal growth of InGaAs/InAIAs on an InP substrate, there is a problem that the 
surface smoothness of a crystal and crystallinity cannot be enough raised only by holding the crystal front face at the 
time of growth to 5 group stabilization side. Since band offset deltaEc of the valence band in InGaAs/InAIAs quantum well 
structure is specifically higher than the InP/InGaAsP quantum well structure where 0.7deltaEg (bandgap energy difference 
deltaEg=0.70eV) and deltaEc are 0.4deltaEg(s) (deltaEg=0.59eVX it is thought theoretically that the MQW semiconductor 
laser of an InGaAs/InAIAs system is oscillated with a low threshold rather than the MQW semiconductor laser of an 
InP/InGaAsP system. Nevertheless, since it was difficult on an InP substrate to grow up the InGaAs/InAIAs crystal which 
is excellent in surface smoothness and crystallinity, the threshold current density (about three 2.4 kA/cm) of the MQW 
semiconductor laser of the conventional InGaAs/InAIAs system was inferior as compared with the threshold (about three 
1.0 kA/cm) of the MQW semiconductor laser of an InP/InGaAsP system. 

[0005] By the way. there is the approach of introducing a superlattice buffer layer into a crystal layer as a means to 
improve the surface smoothness of an InGaAs/InAIAs crystal which grows on an InP substrate, and crystallinity 
(Matthews: JP,48-20762,A). Drawing 2 is the explanatory view showing the epitaxial structure of the MQW semiconductor 
laser which introduced the superlattice buffer layer. 

[0006] An n mold InP substrate and 12 11 among drawing 2 The n mold InAlAs buffer layer of 0.5 micrometers of 
thickness. The n mold InAIAs cladding layer of 1 micrometer of thickness and 15 14 The p mold InAIGaAs-SCH layer of 
0.15 micrometers of thickness, 16 Well width efface of 9nm, barrier width efface of 5nm, an InGaAs/InAIAs multiplex 
quantum well barrier layer with six wells, The p mold InAIGaAs-SCH layer of 0.15 micrometers of thickness and 18 17 The 
p mold InAIAs cladding layer of 0.4 micrometers of thickness, 19 is the p+ mold InGaAs contact layer of 2 micrometers of 
thickness, and 13 is the superlattice buffer layer which carried out the laminating of InGaAs of 2nm of thickness, and 
about ten layer each of the InAIAs(es) of 2nm of thickness by turns. In addition, also in this approach, the crystal front 
face under growth is always maintained at 5 group stabilization side. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the conventional approach of introducing a superlattice buffer 
layer needs to grow many superlattice layers, it has thickness and the trouble that control of a presentation is difficult. 
Moreover, the threshold of MQW semiconductor laser shown in drawing 2 is inferior to the MQW semiconductor laser of 
the 2,0 kA/cm3 and InP/InGaAsP system, and it is shown that the surface smoothness of the crystal obtained by this 
approach and crystallinity are inadequate. 

[0008] This invention solves the above-mentioned trouble and are simple and a thing aiming at offering the approach of 
growing up the crystal of the 3-5 group semi-conductor which excels [ stability ] in surface smoothness and crystallinity 
on a semi-conductor substrate. 
[0009] 

[Means for Solving the Problem] If a thin film crystal is grown up this invention holding the crystal front face under growth 
to 3 group stabilization side The result by which the migration of 3 group element under this thin film crystal becomes 
active, and the surface smoothness of this thin film crystal layer is promoted. In the growth approach of a semi-conductor 
thin film of performing crystal growth based on discovery that the surface smoothness of a semiconducting crystal layer 
which grows after that, and crystallinity are improved, holding the 3-5 group semiconducting crystal front face under 
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growth on a semi-conductor substrate in 5 group stabilization side It is the growth approach of the semi-conductor thin 
film characterized by preparing at least one layer of thin film crystal layers of 1-200nm of thickness which grew holding a 
crystal front face to 3 group stabilization side into this semi-conductor thin film. 

[0010] The reason which limited the thickness of a thin film crystal layer (henceforth 3 **** growth phase) which grew in 
this invention, holding a crystal front face to 3 group stabilization side to 1 nm or more When the thickness of 3 **** 
growth phase becomes thin, there is an inclination for the degree of flattening of the crystal by the migration of 3 group 
element to become inadequate. The reason which is because the effectiveness of this invention is no longer acquired in 
thickness Inm or less, and limited the thickness of 3 **** growth phase to 200nm or less When thickness is thickened, it 
is in the inclination which extent of a fall of the surface morphology of the crystal by balking of 5 group element expands, 
and in thickness 200nm or more, it is for the surface smoothness of a semiconducting crystal layer which grows after that, 
and crystallinity to fall on the contrary. So, the thickness of most desirable 3 **** growth phase is lOnm - 50nm. 
[0011] Moreover, if one layer of 3 **** growth phases is introduced, the surface smoothness of a semiconducting crystal 
layer which grows after that, and crystallinity will fully improve, but if it is the above-mentioned range of thickness, even if 
it will introduce two or more 3 **** growth phases, the surface smoothness of a semiconducting crystal layer which grows 
after that, and crystallinity not falling, and introducing 3 **** growth phase of two or more layers is also included in the 
range of this invention. 

[0012] In addition, the approach of controlling a crystal front face to 3 group stabilization side is well-known. That is, by 
raising growth temperature or decreasing 5 group element amount of supply, it is possible to make the front face of a 
growth phase into 3 group stabilization side, and it is good to grasp the conditions which change from 2x4 supramolecular 
structure to 4x2 supramolecular structure with a reflective mold high energy electron beam DI contact sense non-isolated 
(RHEED), and to grow up under these conditions. 

[0013] Moreover, since this invention raises the quality of the semiconducting crystal which grows after 3 **** growth 
phase, in production of each device, it is important to prepare 3 **** growth phase before growth of the stratum 
functionale (for example, if it is semiconductor laser and is a barrier layer, a cladding layer, and FET channel layer etc.) 
which has close effect on the property of this device. 
[0014] 

[Example] Next the example of this invention is explained using drawing 1 . Although drawing 1 is the explanatory view 
showing the epitaxial structure of the MQW semiconductor laser produced based on this invention, this example is the 
same as that of the MQW semiconductor laser by the conventional example previously explained except for the point that 
three are 3 **** growth phase among drawing 1 . 

[0015] An n mold InP substrate and 2 one among drawing 1 Namely, the n mold InAlAs buffer layer of 0.5 micrometers of 
thickness. The n mold InAlAs cladding layer of 1 micrometer of thickness and 5 4 The p mold InAlGaAs-SCH layer of 0.15 
micrometers of thickness, 6 Well width efface of 9nm. barrier width efface of 5nm, an InGaAs/InAIAs multiplex quantum 
well barrier layer with six wells. As for the p mold InAIGaAs-SCH layer of 0.1 5 micrometers of thickness, and 8, 7 is [ the p 
mold InAlAs cladding layer of 2 micrometers of thickness and 9 ] the p+ mold InGaAs contact layers of 0.4 micrometers of 
thickness, and 3 is the InAIAs3 **** growth phase of 30nm of thickness. Moreover, growth of all the semiconducting 
crystals except 3 **** growth phase 3 is performed where a crystal front face is maintained at 5 group stabilization side. 
[0016] The threshold currents of the MQW semiconductor laser of this example were 0.8 kA/cm3. This value is the same 
level as the estimate from the threshold (1 kA/cm3) of the MQW semiconductor laser of an InP/InGaAsP system and 
deltaEg value, and deltaEc value, and it is shown that surface smoothness comparable as the case where an InP/InGaAsP 
crystal is grown up on an InP substrate, and crystallinity were acquired. 

[0017] In addition, this invention can be similarly applied, not only when carrying out crystal growth of InGaAs/InAIAs on 
an InP substrate, but when carrying out crystal growth of AIGaAs/GaAs for example, on a GaAs substrate, and it can raise 
the surface smoothness of a crystal layer, and crystallinity further. 

[0018] Moreover, although it is an example of application to MQW laser, the above-mentioned example can be applied to 
all the semiconductor devices constituted by InGaAs/InAIAs which grew on the InP substrate, or AIGaAs/GaAs which 
grew on the GaAs substrate, for example, can be applied also like electronic semiconductor devices, such as other 
semiconductor laser, a light receiving and emitting element or FET, and HEMT. 

[0019] In the above-mentioned example, moreover, having formed the epitaxial growth phase 3 by 3 group stabilization 
side in the upper part of a buffer layer 2 In order to raise the surface smoothness of the SCH layers 5 and 7 which are 
important stratum functionale in this example, and a barrier layer 6, and crystallinity. Before growing up these important 
stratum functionale, it means introducing the epitaxial growth phase by 3 group stabilization side, and the introductory 
location of the epitaxial growth phase by 3 group stabilization side is not restricted to the above-mentioned example 
[0020] 

[Effect of the Invention] Since the 3-5 group semiconducting crystal which is excellent in surface smoothness and 
crystallinity is producible with simply and sufficient repeatability according to this invention as explained above, the quality 
of a semiconductor device and improvement in a yield are attained. 



[Translation done.] 



http://www4.ipdl.inpitgojp/cgi-bin/tran_web_cgi_eije 



2007/05/17 



JP,07-169701,A [DESCRIPTION OF DRAWINGS] _ 1/1 /<— v? 





* NOTICES * 

JPO and IMP IT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the epitaxial structure of the MOW semiconductor laser produced based on 
this invention. 

[Drawing 2] It is the explanatory view showing the epitaxial structure of the conventional MQW semiconductor laser. 
[Description of Notations] 

1 is an n mold InP substrate. 

2 is an n nnold InAIAs bufFer layer. 

3 is an InAIAs3 **** growth phase. 

4 is an n mold InAIAs cladding layer. 

5 is a p mold InAIGaAs-SCH layer. 

6 is an InGaAs/InAIAs multiplex quantum well barrier layer. 

7 is a p mold InAIGaAs-SCH layer. 

8 is a p mold InAIAs cladding layer. 

9 is a p+ mold InGaAs contact layer. 

11 is an n mold InP substrate. 

12 is an n mold InAIAs buffer layer. 

13 is a superlattice buffer layer. 

14 is an n mold InAIAs cladding layer. 

15 is a p mold InAIGaAs-SCH layer. 

16 is an InGaAs/InAIAs multiplex quantum well barrier layer. 

1 7 is a p mold InAIGaAs-SCH layer, 

18 is a p mold InAIAs cladding layer. 

19 is a p+ mold InGaAs contact layer. 
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